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ABSTRACT

Bolls vrere buried at various depths in emergence 
cages to determine the effect of boll burial on winter 
survival of the boll weevil (Anthonomus grand!s Boheman). 
Boll weevil emergence from bolls buried 7»5 cm. or deeper 
was less than bolls on the surface or incorporated into 
the surface. Any increase in soil temperature or moisture 
enhanced the weevil emergence from the bolls. Mortality 
was very high in weevils released from infested bolls into 
pecan leaf litter 15 cm. thick.

Boll weevil emergence from bolls held at different 
moisture regimes in the laboratory indicated a correlation 
between survival and water content of the bolls.

Weevils contained in plastic boxes with paper 
towelling to simulate leafy trash and held at various 
moisture regimes indicated a minimum moisture content of 
0.44 grams of water/gram of trash was necessary to increase 
weevil mortality.

Soil surface temperatures inside pyramidal cage 
were higher at night and lower during the day than uncaged 
soil surface.

x



IIIIRODU CTI OH

The taxonomy of the Anthonomus rcrandls complex has 
been in doubt for many years. Recently, Warner (1966) 
separated the complex into 3 subspecies. The subspecies 
are referred to as the thurberia, eastern boll weevil and 
the intermediate type. More recently, Dr. H. R. Burke 
(personal communication) proposed that the complex be 
separated into 3 populations, the Southeastern boll weevil, 
the Mexican boll weevil and the thurberia boll weevil, withx 
Anthonomus grandls Boheman being retained as the scientific 
name for the complex.

The boll weevil associated with cultivated cotton 
in Arizona was onoe considered to be the thurberia boll 
weevil transferred to cultivated cotton. However, Cassidy, 
Stevenson and Young (1942), Bottger et al. (1964) and Rye 
(196-7) have concluded that the weevil in Arizona cotton is 
more closely related to the Mexican boll weevil than the 
thurberia boll weevil.

Bottger et al. (1964) detected the Mexican boll 
weevil in northern Sonora hibernating in infested bolls and 
leaf litter along the edge of the field. Rye (1966) re
ported similar behavior in Arizona. On the basis of these 
hibernation habits and other investigations of the boll

1
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weevil in Arizona "by these taxonomists and ecologists, I 
will assume the data pertains to the Mexican boll weevil 
population.

The following study was conducted to determine the 
effect of boll burial on the winter survival of the boll 
weevils in cotton bolls. The effect of temperature and 
moisture on survival were also studied in the laboratory 
and in the field cages in which the bolls containing the 
weevils were buried.



MATERIALS AND PROCEDURES

Field Experiments
Weevil emergence from buried bolls. It is believed 

that shredding and burying cotton stalk residue trill reduce 
the number of overtrintering treevils that, by their repro
duction and feeding, could cause damage the following 
spring. The purpose of this experiment was to determine 
the depth of boll burial necessary to get the maximum mor
tality of overtrintering tre evils and to relate temperature 
and moisture to their survival. A randomized block design 
was utilized.

Eighteen pyramidal cages 96 x 96 x 72 cm. with 
28 cm. high base (Shiller 1946) and twenty-four rectangular 
cages 50 x 50 x 65 cm. with trooden frames and aluminum 
screen sides were used to contain boll weevil infested 
bolls treated as follows z (!). Release of weevil forms from 
infested bolls Into 15 cm. of leaf litter, (2) Bolls rest
ing on the soil surface, (3) Bolls incorporated into tho - 
soil surface, (4) Bolls burled 7.5 cm., (5) Bolls buried 
15 cm., (6) Bolls buried 22.5 cm., and (7) Bolls burled 
30 cm. These bolls were buried in a sandy type soil. A 
total of 160 boll weevil infested bolls picked at Stanfield,

3
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Arizona between November 4 and 14, 1966 wore used in each 
of the six replicates of the seven treatments. The bolls 
were placed on 6.4 mm. mesh wire screen 10 cm. above the 
soil surface on November 11, 1966 and remained there until 
the stalks in the field from which the infested bolls were 
obtained were shredded.

On November 24, 1966 the stalks were shredded and 
the weevil forms in treatment 1 were released from the 
bolls into 15 cm. of pecan leaf litter, and the bolls in 
the remaining treatments were placed on the soil surface.
On December 3, 1966 the field was disked and the bolls in 
treatment 3 were incorporated into the soil surface. On 
December 12, 1966, the field was plowed with a moldboard 
plow and the bolls in treatments 4, 5, 6 and 7 were buried 
at the prestated depths.

The field was listed on January 15, 1967 and irri
gated on February 4, March 4 and May 6, 1967. Treatments 
2 through 7 were irrigated 3 times with five acre-inches 
of water on March 11, May 3 and May 23, 1967. Milo emerged 
in the field from which the bolls were obtained on March 25, 
1967. Cotton emerged in an adjacent field on April 1, 1967 
and commenced squaring about May 13, 1967.

The threshold temperature for the development of 
the boll ire evil has not been determined. Patana, Fye and 
McAda (1967), in their studies of boll weevil development
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rate at various temperatures, found the Stanfield strain 
required an average of 89 days to develop from an egg to 
adult at 15 0. Prom this Information and for the purposes 
of this discussion, it is assumed that the threshold 
temperature for the boll ire evil is approximately 10 0.
Table I was constructed to show the weekly total of degree 
days above 10 0. based on the daily mean of high and low 
temperatures and the accumulative total at the surface and 
at each depth of boll burial.

Due to limited equipment, a continuous record of 
the temperatures at the various depths of boll burial was 
not available; however, a continuous record of the air 
temperatures and soil surface temperatures was available. 
This information was used to obtain an estimated average 
daily temperature for each depth of boll burial. First, a 
regression line for soil surface temperature extrapolation 
to higher temperatures was constructed (Figure 1), utilizing 
the high and low air temperature and the high and low soil 
surface temperature from November 27, 1966 to March 24,
1967. After March 24, when the soil surface temperature 
exceeded the recording capacity of the soil thermographs, 
estimated high and low soil surface temperatures were 
determined from the regression line employing the known 
daily high and low air temperatures to make the estimate.



Figure 1. Regression line for soil surface temperature 
extrapolation, based on analysis of high and 
loir air temperatures and high and loir soil 
surface temperatures obtained from hygro- 
thermograph and soil thermographs at Stan
field.

Y = reciprocal for any X
s^ = sample variance

O.D. = coefficient of determination
x = high and loir air temperatures from 

November 27, 1966 to March 24, 1967
y = high and loir soil surface temperatures 

from November 27, 1966 to March 24, 
1967
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Air Temp. °0
Figure 1. Regression line for soil surface temperature ex

trapolation, based on analysis of high and low 
air temperatures and high and low soil surface 
temperatures obtained from hygrothermograph and 
soil, thermographs at Stanfield.
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TABLE I

Week
_Endlnft
11- 27-66
12- 3 12-10 
12-17 12-24 
12-31
1-7-671- 14 1-21 1-28
2- 4 2-11 2-18
2- 253- 4 
3-11 
3-18
3- 254- 1 
4-8 4-15 
4-22
4- 295- 6 
5-13 5-20
5- 276- 3

On Surface
No.

Eraerg-
—

022
9
5 1 
1 26 
4

4412812
92

61181
42
3

■ass.-sres
For Accumu- Soil
Week latlon Moist.,

No. 
Emerg 
ing
06812
1
31
0
38
2511
34
5 1

4911
3
7
31
0
1

.3
38.7
33.6
13.62.6.61.2
6.0

37.5 
35 
59
37.3
35.5
47.173.9 
5589.9100.2
75.188.6
71.268.6
77.181.2 

132.1 153.0
164.5
134.5

.339.072.686.288.8
99.4
90.6

106.6
144.1
179.1238.2
275.5 311.0 
358.1432.0
487.0 
576.9
677.1752.2 
840.8 912.0980.6 

1057.7 
1138.9 1271.01424.0 
1588.51723.0

3
3
3
3
3
3
3
32
322
12
12
32
32
1116
51
7
7

7.5 rim. Be loir, Surface
No.Emerg- For

, ____ 'Mean %
Accumu- Soil

IR cm. Belovr Surface

\rur Week latlon Moist
1
31100
0
0
0
00
30000021
23
51
51
3

0
9.4
9.1 0.0 
0.0 
0.0 0.0
.96.1

7.120.76.2
8.512.4

30.717.8
41.748.8
31.540.8
30.8 
27.1 32.8
35.4
70.4
84.5 
93-0 
71.9

i 0 
9.4

18.5
18.5
18.5
18.5
18.519.4
25.532.6
53.3 
55.5 68.0
80.4
111.1
128.9170.6
219.4
250.9
291.7
322.5349.6 382.4
417.8 
486.2
572.7665.0
736.9

3
3
3
3
33
33
3
3
3
3
3
3
3
3 810
986
4 4
10
13
7

13
15

■ Ho. Degree Days Mean % 
Emerg— For Accumu— Soil ing Week latlon Moist.

22.5 cm. Below Su rface
Degree Days MeanerNo. __

Emerg- For 
ing Week

30 cm. Below Surface

0 .7 .7 3 3
3 24.7 25.4 3 1
6 22.2 47.6 3 11
0 11.6 59.2 3 0
0 4.7 63.9 3 0
0 1.5 65.4 3 0
0 2.4 67.8 3 0
0 11.8 79.6 3 • 0
0 24.6 104.2 3 0
0 23.4 127.6 3 0
0 36.7 164.3 3 0
0 24.3 188.6 3 0
0 23.6 212.2 3 0
0 29.9 242.1 3 . 0
0 44.9 287.0 3 0
0 34.5 321.5 3 0
7 36.3 375.8 7 3
1 60.0 435.8 9 3
0 45.7 481.5 7 0
1 53.1 534.6 6 3
0 43.2 577.8 5 2
1 41.9 619.7 5 3

46.7 666.4 4
49.1 715.5 8
77.6 793.1 10
89.7 882.8 6
96.4 979.2 9
79.2 1058.4 10

No. Degree Days Mean %
Accumu- Soil Emerg- For Accumu- Soil
latlon Moist. ing . Week latlon Moist.

022.819.6
7.11.0.1.19.0
22.320.6
35.7
21.7 20.6 
28
44.832.8
54.360.6
45.2
53.842.8
41.346.4
49.380.4
93.8 

100.5
81.9

0 3 1 1.6 1.6 322.8 3 1 27.1 28.7 3
42.4 3 13 26.3 55.0 3
49.5 3 0 17 72.0 3
50.5 3 0 10.3 82.3 3
50.6 3 0 3.5 85.8 3
50.7 3 0 7.9 93.7 3
59.7 .3 0 16.7 110.4 3
82.0 3 0 28 138.4 3
102.6 3 0 26.9 165.3 3
138.3 3 0 38.1 203.4 3160.0 3 0 28 231.4 3
180.6 3 0 27.1 258.5 3
208.6 3 0 32.6 291.1 3
253.4 3 0 45 336.1 3
286.2 2 0 36.2 372.3 3
340.5 7 0 52.2 424.5 8
401.1 8 0 57.0 481.5 10
446.3 6 0 45.6 527.1 7
500.1 5 0 51.8 578.9 5
542.9 5 0 43.8 622.7 4
584.2 5 0 42.6 665.3 4
630.6 4 46.7 712.0 4
679.9 9 48.3 760.3 12
760.3 11 71.9 832.2 13
854.1 9 81.6 913.8 9
954.6 12 86.7 1000.5 14

1036.5 11 73.0 1073.5 14
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Regression lines for the temperature extrapolation 

to each depth of boll burial uere then constructed (Figures 
2-5). Shis iras accomplished by regression analysis of the 
soil surface temperature and the temperature at various 
depths of boll burial. These readings uere available from 
moisture uafors burled immediately belou the bolls at each 
depth of boll burial. With the aid of a portable soil 
moisture ohmmeter, the soil moisture and temperature uere 
recorded at ueekly intervals at each depth of boll burial.

From these regression lines, a daily mean tempera
ture, based on the high and lou temperatures, uas obtained 
for each depth of boll burial. It is recognized from the 
broad sample variance and small coefficients of determina
tion (Figures 2-5) that the regression lines are not as 
accurate as uould be desirable. The inaccuracy is due to 
the limited number of readings and the lack of consideration 
of the lag associated uith the transmission of heat through 
the soil from the surface to the louer depths. However, 
for the purposes of this discussion, the high soil surface 
temperature uas used to obtain a high temperature for each 
depth of boll burial and the lou soil surface temperature 
uas used to obtain a dally lou temperature for each depth 
of boll burial. The high and lou daily temperatures uere 
then averaged to obtain a daily mean temperature at each 
depth of boll burial. The degree days calculated as the



Soil Surface Temp. °C. Inside Cage

Figure 2. Regression line for the estimation of soil temper
atures 7.5 cm. below the surface by extrapolation 
from soil surface temperatures, December 17, 1966 
to June 3, 1967.

Y = reciprocal for any X 
s^ = sample variance 

C.D. = coefficient of determination
x = soil surface temperature °0 inside cage 
y = soil temperature 7.5 cm. below surface



Soil Surface Temp. °C. Inside Cage

Figure Regression line for estimation of soil temper
atures- 15 cm. below the surface by extrapola
tion from soil surface temperatures, December 
17, 1966 to June 3, 1967.

Y = reciprocal for any X 
= sample variance

O.D. = coefficient of determination
x = soil surface temperature °C. inside cage 
y = soil temperature 15 cm. below surface
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Soil Surface Temp. °C. Inside Cage

Figure 4. Regression line for the estimation of soil tem
peratures 22.5 cm. below the surface by extra
polation from soil surface temperatures,
' December 17, 1966 to June 3, 1967.

Y = reciprocal for any X 
s^ = sample variance 

C.D. = coefficient of determination
x = soil surface temperature °C. inside cage 
y = soil temperature 22.5 cm. below surface
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Soil Surface Temp. °0 Inside Cage

Figure 5. Regression line for estimation of soil tempera
tures 30 cm. below the surface by extrapolation 
from soil surface temperatures, December 17, 
1966 to June 3, 1967.

Y = reciprocal for any X 
s2 = sample variance 

O.D.= coefficient of determination
x = soil surface temperature °C. inside cage 
y = soil temperature 30 cm. below surface
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number of degrees average temperature above 10 C. are pre
sented as the heat Influx in Table 1.

Weevil survival after emergence. The veevlls were 
color-coded as they emerged and placed in a holding cage 
with 15 cm. of leaf litter until March 4, 1967. When 
Sphaeralcea initiated vigorous growth on March 11, 1967, 
the visible weevils were removed from the holding cage and 
emergence cages and placed in a 20.5 x 20.5 x 31 cm. cage 
with bouquets of Sphaeralcea and held in the Insectary 
(Stoner 1968). After cotton seedlings had emerged in the 
field at Stanfield, the weevils were provided with young 
greenhouse cotton seedlings. The survival of these weevils 
is recorded in Table II.

The bolls were removed from the hibernating cages 
on June 5, 1967 and dissected to determine the presence of 
live weevils in the bolls. Two live weevils were found in 
the bolls oh the soil surface and none in bolls from the 
other treatments. The dead weevils found in the bolls of 
each treatment were as follows: on the soil surface, 562;
incorporated into the surface, 406; buried 7.5 cm., 519; - 
buried 15 cm., 480; burled 22.5 cm., 459; and buried 30 cm., 
523. The buried bolls had deteriorated badly and it is 
possible that some dead weevils were overlooked.

Weevil mortality in trash. In the Southeast, weevils 
overwinter mainly in trash outside the field, but in Arizona,
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TABLE II

Weevil Survival After Emergence In Cages and Males and Females Alive 
After Cotton Emerged at Stanfield, Arizona, Winter 1966-1967

Emergence 
for Week 
Ending NumberEmerged Number Alive Total No. Alive 

After May 12 Percent
Alive

Percent of 
Total Est. 
Pop. Alive

3- 4- 4- 4- 4- 5- 5- 5- 5- 5- '6- 6- 7~
31P 10 14 21 28 12° 19 22 26 2p 7 13 22

2-25 2*: Male 1 0
Female 0

3-4 14* Male 0
Female 0

3-11 3 Male 0
Female 0

3-18 144 Male 18 11 8 6 6 5 3 3 3 1 1 0
Female 26 17 13 10 10 9 7 6 2 2 1 1 0 14

3-25 56 Male 15 3 2 2 2 2 2 1 1 0 :
Female 13 1 1 1 1 1 1 1 1 1 1 0 3

4-1 11 Male 3 2 1 1 1 1 1 0
Female 5 4 3 3 3 2 2 1 0 4

4-8 18 Male 8 7 6 6 3 3 3 3 1 0
Female 5 5 5 5 1 1 1 0 11

4-15 14 Male 4 4 4 4 4 3 1 0
Female 6 6 6 6 6 5 1 1 0 10

4-22 8 Male
Female 4 3 2 1 0 3

4-29 3 Male 0
Female 0 0

5-6 1 Male 0
Female 0

Totals 45 8.63 .463
a. Number of emerged veevils placed in emergence cage with leaf litter prior to 3/11/67
b. Cotton emerged 1
c. Cotton squaring commenced
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apparently they overwinter primarily in bolls in the field. 
The purpose of this phase of the experiment was to determine 
whether the boll weevil in Arizona could survive the winter 
in leaf litter. Of the 1,618 weevils (consisting of 24 
adults, 460 pupae and 1,134 larvae) released into 15 cm. 
of leaf litter, only 4 emerged from the trash (3 on March 
18, 1967 and 1 on April 22, 1967), and they lived an average 
of 17 days.

Comparison of mortality. It was necessary to 
determine the development rate and mortality of boll 
weevils in the field, in the insectary and in weevils found 
in thurberia bolls (Gossypinm thurberl Todaro) to compare 
with results obtained in the temperature control boxes.
On November 11, 1966, approximately 1,200 bolls containing 
weevils were placed on the soil surface in a pyramidal 
emergence cage at Stanfield, Arizona. Beginning November 17 
and continuing at weekly intervals, 25 boll samples were 
removed and dissected to determine the moisture content of 
the bolls on the soil surface and the number and stage of 
development of the weevil forms in the bolls (Table III).

The boll sample taken on December 31, 1966 was 
weighed, but remained in the laboratory for three days at 
approximately 24 0, before the weevil forms were counted. 
Apparently aided by the \rana laboratory temperatures, all of 
the larvae and.pupae developed to the adult stage. The
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TABLE III

Survival of Mexican Boll Weevil Under Field, laboratory and Insectary Conditions 
at Stanfield and Tucson, Arizona. Winter, 1966-67.

Moisture Content of Percent of Weevils Alive

Date

Bolls on Soil Surface 
At Stanfield At Weekly 
Intervals. Grams of 
Water/gram of Boll.

Adults 
Alive Dead

Pupae
Alive Dead

Larvae
Empty

Alive Dead Cells
In Bolls 
On Soil 
Surface

In Bolls Held 
In The Insec

tary
In Laboratory 
Trash Experi

ment
11—11-66 6.5911-26 2.82
11-29 1.83
12-3* .7512-11 .35 16 26 6 2
12-17 .15 5 29 13 1 6512-24 .09 6 27 2 4 52
12-31 .22 42 1 47
1-7-67 .11 20 33 1 3 42
1-14 .08 35 1 8 34
1-21 .07 25 1 16 2 1 28
1-28 .12 29 3 4 26
2-4 .07 32 3 4 1 14 232-11 .06 37 4 1 2 11 84 19 21
2-18 .06 21 8 3 2 16 62 28 19
2-25 .02 26 6 5 14 70 25 18
3-4 .05 24 12 3 9 61 15
3 - H .07 13 6 5 11 54 28 133-18 .05 10 15 1 2 7 35 20 11
3-25 .04 1 35 3 10 3 28 94-1 .11 6 38 1 7 13 20 8
4-8 .05 5 33 4 13 8 7
4-15 2 26 14 7 4 54-24 8 4
5-1 8 4
5-8 8 3
5-15 2 2
5-22 0 2
5-29 1.1 2
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moisture content of the "bolls uas determined by weighing 
the bolls, oven-drying to a constant weight and reweighing 
the bolls.

Approximately 1,200 boll weevil infested bolls were 
brought from Stanfield November 11, 1966 and held in the 
insectary at Tucson. Beginning February 11, 1967, and con
tinuing until May 29, 1967, 25 weevil forms were removed 
from the bolls at weekly intervals to determine the per
centage alive and their stage of development. The results 
of this weekly check are recorded in Table III, The bolls 
were held in the Insectary for a comparison of the develop
ment and mortality rate of the weevils in the field at 
Stanfield. The bolls in the insectary did not receive any 
moisture in the form of light winter rains, and the tempera' 
ture was modified by the building. The bolls in the in
sectary cannot be considered as a direct check for the 
bolls in the field but simply a comparison of development 
and survival under the different conditions.

Weevils in thurberia bolls. On February 3, 1967, 
280 infested thurberia bolls were collected at the 3,850- 
foot level of the Santa Rita mountains near Amado, Arizona. 
One hundred and eighty bolls contained 120 live adults, 50 
dead immature weevils and 8 Hymenoptera parasites. The 
majority were tentatively identified as Oalllephlaltes 
thurberia. The adult weevils were placed in a 20.5 % •
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20.5 % 31 cm. cage with a paper napkin for cover and a 
sponge to which an average 321 ml. of water per week was 
added to keep the sponge moist. The last weevil died 
July 6, 1967.

One hundred infested thurheria "bolls were placed in 
a separate cage on February 3* 1967 and the bolls kept in 
the cage in the insectary without moisture until July 17, 
1967. "When the bolls were dissected on July 17, 1967, 
there were 77 live and 3 dead adults, 8 dead larvae and 12 
parasites.

laboratory Experiments
The moisture content of buried bolls in the field 

can be controlled to a certain degree by irrigation. It is 
necessary to know what moisture level will cause the 
greatest reduction in weevil emergence. The moisture con
tent of bolls in the field cannot be controlled for study 
purposes with any degree of accuracy; therefore, it was 
necessary to study infested bolls in temperature control 
boxes where moisture levels could be controlled.

This phase of the experiment consisted of two parts: 
(1) comparison of weevil longevity and emergence from in
fested bolls at different moisture regimes, and (2) com
parison of longevity of weevils released into trash and 
held at different moisture regimes.



Boll ireevll survival in bolls at different moisture 
regimes. Twenty-five detracted tolls were placed in each 
of twenty-five 18 x 13 x 7 cm. plastic toxesl with a 
paper napkin inside each box. These tolls were obtained 
from Stanfield on November 11, 1966. The dry weight of 
the tolls was not known, but it was estimated to be 40 per
cent of their net weight. The moisture level of each box 
was maintained by weighing the box at weekly intervals 
and adding water to maintain the bolls at a predetermined 
weight. After the experiment the bolls were oven-dried 
and the true average moisture level of each box determined 
(Table IV).

These bolls were maintained in temperature con
trol boxes at the average day and night soil surface 
temperature at Stanfield from December 10, 1966 to June 
22, 1967.

A hygrothermograph in a standard weather shelter 
was used to obtain a continuous record of the air tem
perature and relative humidity at Stanfield. A recording 
rain gauge provided a continuous record of precipitation.

Two recording soil thermographs were used at 
Stanfield to obtain a continuous record of the soil sur
face temperature inside a pyramidal cage and outside the

. 1. Tri-State Holding Go., Henderson, Kentucky,
Cat. #0-49.
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TABLE IV

Humber of Boll Weevils Emerged Prom Infested Bolls 
Maintained in Temperature Control Boxes at the 
Average Day and Eight Soil Surface Temperature 

at Stanfield, Arizona. Winter 1966-1967*

Ho.
Dry Weight 
of Bolls- 

Grams
. Average Grams 

of Water in 
Box

Average Grams 
of Water Per 
Gram of Boll

Weevils
Emerged

1 17.92 48.02 2.68 12
2 14.71 44.57 3.03 7
3 14.89 40.32 2.71 94 41.27 3.45 .08 1
5 40.73 4.19 .10 1
6 16.57 31.15 1.88 12
7 42.18 . 5.57 .13 2
8 38.10 9.81 .26 5
9 43.07 4.10 .10 0

10 42.40 3.22 .08 0
11 38.47 13.08 .34 7
12 21.07 26.07 1.24 8
13 36.29 3.53 .10 1
14 38.17 6.74 .18 3
15 38.50 4.47 .12 0
16 17.51 33.69 1.92 10
17 35.89 8.42 .23 318 34.60 15.00 .43 6
19 38.66 8.13 .21 2
20 22.93 29.96 1.31 1721 15.93 52.37 3.29 10
22 15.34 54.49 3.55 15
23 18.40 37.59 2.04 8
24 14.32 54.09 3.78 7
25 15.40 57.41 3.73 8



21
cage for comparison (Figure 6). The bulb for the thermo
graph was buried about 3 mm. below the soil surface to 
obtain the soil surface temperature instead of the solar 
radiation. To develop the temperature regimes for the 
controlled boxes, a temperature reading from outside the 
emergence cage was selected every two hours during the 
daylight hours to obtain the mean day temperature and a 
temperature reading every two hours during the night 
hours to obtain the mean night temperature.

Emergence cages have a modifying effect on the 
temperature inside the cage. The soil surface temperature 
inside and outside the cage was compared by extracting a 
temperature reading every two hours from the soil thermo
graph charts from Stanfield. This was done in an attempt 
to show the extent of the modification. The degrees 
above a base number of 15.6 0. were given a plus sign and 
the degrees below the base were given a minus sign. The 
negative and positive degrees were totaled for weekly 
intervals and are presented in Table V.

The soil thermographs used to obtain the soil 
surface temperature had a maximum reading of 43.3 C. In 
the early spring, soil surface temperatures began to 
exceed 43.3 0. during midday and a regression line for 
temperature extrapolation was constructed by comparing 
the Stanfield air temperature to the Stanfield soil surface
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Outside of cage
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TABLE V

Comparison of Heat Influx on the Soil Surface for Txro 
Hour Period Inside and Outside Pyramidal Emergence 

Cages, December 1966 - March 1967

Total Centigrade Degree Degrees Warmer 
Inside Than

Date inside Outside Outside 1
12-31-66
1-6-67 -765 -791 26
1-14-67
1-20-67 -263 -414 151
2-4-67
2-10-67 -236 -414 178
2- 25-67
3- 3-67 211 -139 350
3-18-67
3-24-67 642 -301 943

Total 1648
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temperature during the hours 10 A.11., 12 Noon, 2 P.M. and 
4 P.M. on the dates March 11, 1967 through March 31» 1967 
(Figure 7)*

To improve the regression line, the Stanfield air 
temperature was compared with the soil surface temperature 
obtained on May 6, 12, 13 and 19, 1966, from a 24-point 
potentiometer located on similar soil near the test plots. 
Data from the potentiometer were used to obtain tempera
ture comparisons that could not be obtained from the soil 
thermographs. Tho data from these two sources was com
bined to construct the temperature extrapolation line.
This line was used only when the soil thermograph needle 
exceeded 43.3 0. (Ill point readings).

As the weevils emerged from the bolls, (Table 
IV) - they were color-coded and divided into two groups.
One group was placed in an 18 x 13 x 7 cm. plastic box 
with paper towelling which contained an average of 0.256 
grams of water per gram of paper. The other group was 
placed in an identical box without added water. The mean 
number of weeks the weevils survived in the moist box was 
compared to the mean number for weevils in the dry box 
by the Tfilcoxon Sign Rank Test (Fryer 1966).

Boll weovil survival in trash at different mois
ture regimes. The development and longevity of the 
weevils in the bolls could not be determined with any



Figure 7. Regression line for temperature extrapola
tion of soil surface temperature based on 
analysis of air temperatures and soil 
surface temperatures at 10 A.M., 12 Hoon,
2 and 4 P.M.

Y = reciprocal of any X 
r = correlation coefficient 
x = air temperature degrees Centigrade 
y = soil surface temperature

Temperature readings were taken from soil ther 
mographs on March 11, 1967 through March 31, 1967.

Temperature readings were taken from 24-point 
potentiometer on May 6, 12, 13 and 19, 1966.



Air Temperature Degrees Centigrade

Figure ?♦ Regression line for temperature extrapolation 
of soil surface temperature based on analysis 
of air temperatures and soil surface tempera
tures at 10 A.M., 12 Noon, 2 and 4 P.H.
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degree of accuracy; therefore, the weevil forms were 
released from the bolls to study this aspect in more 
detail. . Fifteen larvae, 10 pupae and 1 adult were re
leased from infested bolls, obtained from Stanfield, into 
18 x 13 x 7 cm. plastic boxes with a napkin and a paper 
towel^ inside. These boxes were maintained at five mois
ture levels (average grams of water per gram of paper):
(1) 0.044, (2) 0.073, (3) 0.126, (4) 0.292, and (5) 0.641 
with five replicates of each treatment. The moisture 
levels were maintained by weighing each box at weekly 
intervals and adding water to maintain the boxes at a 
predetermined weight. These treatments were maintained 
at the average day and night soil surface temperature at 
Stanfield from December 10, 1966 to March 17, 1967. When 
most of the weevils had emerged from the bolls in the 
field, the boxes were then maintained at the average 
day and night air temperature at Stanfield in temperature 
control boxes (from March 18, 1967 to June 22, 1967).

2. Longview Fibre Co., Longview, Washington, 
Mo. 8540-262-7178.



RESULTS AITD DI SOUS SI Oil

Field Experiments
Weevil emergence from burled bolls. The data in 

Tables I and VI indicate that the total heat influx and 
the mean boll weevil emergence at the 15, 22.5 and 30 cm. 
depths of boll burial were equal. Possibly the heat 
influx at these depths caused an increase in the meta
bolic activity of the weevils. The depth of burial may 
have prevented the weevils from reaching the surface be
fore they died of starvation. Boll rot and reduced 02 
content would also contribute to the Increased weevil 
mortality at these depths.

The total heat Influx given in Table I for bolls 
buried 7*5 cm. was less than the heat influx of bolls 
burled at greater depths or on the surface. Boll weevil 
emergence at this depth of boll burial was less than the 
emergence from bolls on the surface, but greater than 
emergence from bolls buried 30 cm. The lower mean tempera
ture probably reduced the rate of metabolic activity and 
the shallow burial allowed more weevils to reach the sur
face. The abrasive action of the soil particles on the

27



TABLE VI
28

Analysis of Variance of Weevils Emerging Prom Cotton Bolls 
on the Surface and Buried at Several Depths at Stanfield, 

Arizona, December 11 to Hay 6, 1966-1967.

Depth of Burial
On Incorpor-

Repli- Sur- ated into 7.5 15 22.5 30
cates face Surface cm. cm. cm. cm.

A 40 22 8 0 0 0
B 27 18 3 5 1 0
C 40 36 0 1 0 0
D 52 15 5 1 1 0
B 45 29 14 0 0 0
P 28 . 32 . 29 __ 3 12 0

Total
Xi.9 212 152 59 10 14 0 447
jX?ijb ,7762 4194 1135 36 146 0 13273
( X j _ 7490.67 3850.67 580.17 16.67 32.67 0 11970.83
^ 2i j. d 271.33 343.33 554.83 19.33 113.33 0 1302.15
%i» * 35.33 25.33 9.83 1.67 2.33 0

Ho-f
: .
: treatment means are equal

Source of Degrees of Sum of Mean Square F
Variation Freedom Squares
Total 35 7722.75
Among

6420.58 1284.12Treatments 5 29.58
Within
Treatments
or Error 30 1302.17 43.41

Tabular 2.55 Conclusion: reject Ho:
alpha equals .05 There is a difference among

treatment means.
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TABLE VI (Continued)

Duncans Hex: Multiple Range Test of treatment means (Dryer

Values of

= V A3.41/6 = 2.689 

ph 2 3 4 5 6
CV1 .05> 2.89 3.04 3.12 3.20 3.25
LSR 3 7.77 8.17 8.39 8.60 8.74

II III IV VI V VII
25.33 9.83*_____ K\OJ 1.67*^ 0^

*lfThe means underlined by the same line are considered equal

a. Xf. = Total for treatments
b. jX^ij = Sum of squared in each treatment 
ci (Xj,)^/r = Correction factor
d> ^x2ij = Corrected sum of squares
e. xle = Treatment means
f. Ho: = Hypothesis tested
;6. 8% = Standard error of the mean
/he P = Range of means
;'i. OV = Critical values of Duncans Hew Multiple 
• ' Range Test
3* LSR = Least significant range
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wax layer of the cuticle may have permitted the dehydra
tion of many veevils emerging from buried bolls.

The bolls on the surface and incorporated into 
the surface had a higher heat influx than any of the 
buried bolls. They had a lower percentage of moisture 
than the buried bolls, but a much higher mean emergence. 
The weevils on the surface had a higher mean temperature 
and probably a higher metabolic rate. More weevils 
emerged from bolls on the surface because they were not 
trapped by the soil.

An increase in soil moisture caused an increase 
in weevil emergence. The irrigation which simulated the 
normal irrigations and spring rain activated the weevils 
and the moist soil may have enabled the weevils to 
burrow to the surface more readily.

There are more accurate ways of relating tempera
ture to metabolic activity, but considering the limita
tions Involved in the system, it gives an indication of 
the effect temperature has on the emergence of the boll 
weevil. The information in Table I indicates that the 
emergence rate of the boll weevil is related to both 
"temperature and moisture content of the soil. Possibly 
other factors are involved which may be determined by 
further experimentation.



An analysis of variance uas conducted on the total 
number of weevils emerging at various depths of boll 
burial to test the hypothesis that the means from treat
ment to treatment were equal. The hypothesis was rejected. 
The Duncan Hew Multiple Range Test (Fryer 1966), was per
formed to determine which treatment means were not equal.
It was concluded from this test that boll burial at 7.5,
15 and 22.5 cm. was equally effective in decreasing the 
rate of boll weevil emergence; however, the 30 cm. depth 
of boll burial significantly reduced the emergence rate as 
compared to the 7*5 cm. depth of boll burial. When one 
considers the extra cost involved, it is not likely that 
the cotton grower would profit by burying the bolls 30 cm. 
as compared with deep disking to 7.5 cm. Fields are 
normally plowed 15 cm. or deeper; therefore, normal, plow
ing would bo adequate to reduce overwintering weevil 
population.

Weevil survival after emergence. Previous workers 
(iTewell and Dougherty 1910, Hinds 1925) who studied the 
hibernating boll weevil in the Southeast, emphasised that 
the number of weevils found alive in the spring can serve 
as an indication of the weevil population for the growing 
season. It is noteworthy that 1.08 percent of the estimated 
total weevil population entering hibernation was alive when 
cotton emerged in the field, but only 0.46 percent was
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alive irlien cotton initiated squaring on May 13, 1967 (Table 
It)}-' These percentages would not be constant and would 
fluctuate from year to year as temperature, humidity, food 
and other factors varied. The weevil population during 
the growing season is not correlated with the number of 
weevils alive when cotton emerges in the field, but rather 
with the surviving population when squares become available 
for oviposltlon and the subsequent variations in the 
multiplicity of factors affecting oviposltlon and survival.

Weevil mortality in trash. ' This test indicates 
that release such as effected by a shredder might be an 
important tool in reducing the overwintering weevil popula
tion, because very few weevils survive the winter in leaf 
litter.

Comparison of mortality. Simulating environmental 
conditions in the laboratory is a very difficult task, 
because with average equipment all facets of the environ
ment cannot be controlled. It is evident from the data in 
Table III that the development and mortality rate of the 
weevils are not the same in laboratory, field and insec
tary. The greater range of temperatures in the field, as 
well as the greater range in moisture conditions, could 
be responsible. Mechanical injury to the weevil forms as 
they were removed from the cotton bolls could also account 
for the lower percentage of weevils alive in the laboratory

32
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as compared with the weevils in tolls in the field. The 
temperature in the temperature control "boxes changed 
rapidly from the mean dry to the mean night temperature; 
whereas, those in the field were more gradual "but with a 
greater range in temperature. The sudden change in tem
perature could cause increased mortality of weevils in the 
laboratory as compared to weevils in field or insectary.

Weevils in thurberia bolls. Weevils that emerged 
from thurberia bolls in the winter did not survive as 
well as the weevils that remained in the thurberia bolls, 
even though they had an adequate source of water. The 
mortality rate of the weevils released from the bolls is 
presented in Table VII.

On July 17, 1967, 77 percent of the weevils in 
thurberia bolls were alive; whereas, on this date, no 
weevils were alive that had been released from the thur
beria bolls. On July 17, 1967, less than 5 percent of 
the weevils in cultivated cotton bolls were alive in the 
insectary, field or laboratory. This information would 
seem to enforce the belief of Cassidy et al. (1942) that 
the weevil in thurberia bolls and the weevil in cultivated 
cotton bolls form two separate populations.

Laboratory Experiments
Boll weevil survival in bolls at different moisture 

regimes. The data in Table V illustrates the trend for
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TABLE VII

Survival of Weevils Released Prom Thurberia Bolls 
and Held in a Gage With a Moist Sponge

Humber Humber
Date Alive Percent Date Alive Percent

2-5-67 117 97.5 5-1 59 49.2
2-22 115 95.8 5-10 40 33.3
3-4 111 92.5 5-17 35 29.2
3-13 101 84.2 5-24 24 20
5-22 93 77.5 5-31 23 19.2
3-27 90 75 6-13 15 12.5
4-3 85 70.8 6-19 10 8.3
4-10 77 64.2 6-30 1 .8
4-17 75 62.5 7-6 0 0.0
4-24 60 50



the difference in temperature inside and outside the cage 
to become greater as the air temperature increases. The 
total heat influx was 1648 day-degrees Centigrade greater 
inside the cage for the five-week period than outside the 
cage. The data in Table V- Indicates that it would be 
very difficult to make any definite statements about 
field conditions based on information obtained from cage 
studies unless the relationship is thoroughly understood.

From the data in Table IV a scattergram was con
structed to show the relationship of the average moisture 
content of the bolls and number of weevils emerging 
(Figure 8). Analysis of the data in this graph indicated 
that 74 percent of the variation in weevil emergence was 
due to the water content of the bolls. The remaining 26 
percent of the variation was due to chance or unknown fac
tors such as micro-organisms in the bolls. The data in 
Figure 8 indicates that a moisture content lower than 
0.5 grams of water per gram of boll is necessary to in
crease weevil mortality. At 0.1 grams of water per gram 
of boll, very few weevils emerged from the bolls.

It was concluded from the data in Table VIII that 
weevils lived longer in the box with the added moisture 
than in the dry box. The total means were compared with a 
111” test (Fryer 1966) and it was concluded that they were 
not equal. '
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y

Gram of Water per Gram of Boll

Figure 8. Relationship of weevil emergence to moisture 
content of bolls♦

r '= correlation coefficient 
x = gram of water per gram of boll 
y = number of weevils emerging
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37

Analysis With Wilcoxon Sign Rank Test (Fryer 1966). to Deter
mine if the Boll Weevils in the Box Containing 0.256 Grams 
of Water Per Gram of Paper Lived Longer Than the Weevils in 
the Box Containing 0.0 Grams of Water Per Gram of Paper.
Week Ho. 

Beginning 
on 2-3-6?

Mean Weeks Mean Weeks 
Lived In Lived In
Moist Box Dry Box Difference Rank

1 7.58 4.50 3.08 10
2 9.40 5.00 4.40 12
3 6.75 4.25 2.50 8.54 5.00 2.91 2.09 7
5 4.70 2.90 1.80 56 3.86 2.00 1.86 6
7 2.33 3.57 1.24 -2
8 7.00 3.00 4.00 11
9 3.50 2.00 1.50 410 1.00 1.00 0.00

11 3.50 1.00 2.50 8.512 9.00 1.00 8.00 13
13 2.66 4.00 1.34 -314 1.00 1.33 .33 -1
15 1.00 1.00 0.00

Total 68.28 39.46 _ -6
Mean 4.55 % 2.63 X2

The total of the smallest sign rank was 6.
The probability of a number as small or smaller than 16 bychance is ,,01, therefore it is concluded that there is a dif-ference in the mean weeks lived from the moist box comparedto the dry box.
Ho: X]_ = +, _ 4.55 - 2.65

3 .304

Tabular t -with 14 degrees of freedom at alpha = .05 is 2.145
Conclusion: Reject Ho: at 95/£ confidence level.

Means are not equal.
The ire evils in the moist box lived signifi

cantly longer than the ire evils in the dry box.
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Boll ire evil survival in trash at different moisture 

regimes. The data In Table IX indicate the adult, larva 
and pupa forms alive at weekly intervals. Regression 
equations wore developed and graphs drawn (Figures 9-13) 
for the decrease in total ire evil forms alive at weekly 
intervals.

The hypothesis that the regression coefficients 
of the lines for each moisture level were equal was tested 
with a “t" test (Fryer 1966). The results of these tests 
indicated that the regression coefficients of the boxes 
with moisture levels of 0.073, 0.292 and 0.641 were equal, 
but that the regression coefficient of the box with. 
moisture level of 0.073 was not equal to the regression 
coefficients of the boxes with moisture levels of 0.126 or 
0.044. The regression lines were then compared at the 
22nd week point, at the time that cotton began squaring 
in the field at Stanfield. On the 22nd week, the points 
in the regression lines for the boxes with moisture levels 
of 0.073, 0.126, 0.292 and 0.641 were equal, but the point 
on the regression line for the box with a moisture level 
of 0.044 was significantly lower than the other regression 
lines at this date. .

It is tentatively concluded from these data that 
the longevity is significantly reduced in weevils living 
in an environment where the moisture is less than or equal



TABLE IX
Longevity of Weevils Released From Bolls and Contained in 
Plastic Boxes With Paper Towels to Simulate Field Trash.

Treatments_____A____________ B__________  0_______________ D_______________ E
Average Gms. 
of Water Per 
6m. of Paper

.044 .073 .126 .292 .641
Week aa pb 1? id a P 1 • T a P 1 T a P 1 T a P 1 T
' 0 5 50 75 130 5 50 75 130 5 50 75 130 5 50 75 130 5 50 75 130
1 11 44 25 80 12 41 17 70 7 27 31 65 10 52 42 104 11 42 48 101
2 14 35 19 68 13 35 10 58 8 24 . 20 52 11 41 33 85 11 33 33 77
3 19 27 17 63 16 34 7 57 9 19. 19 47 14 31 29 74 12 23 26 61
4 19 24 13 56 15 31 7 53 9 17 17 43 13 27 24 64 12 19 26 57
5 '33 • 9 8 50 36 13 2 51 12 16 10 38 21 12 16 49 11 8 12 31
6 32 3 5 40 37 11 1 49 15 14 4 33 22 8 8 38 11 9 2 22
7 27 2 4 33 35 10 1 46 16 13 3 32 24 8 5 37 11 8 2 . 21
8 28 1 0 29 33 7 0 40 15 9 2 26 26 7 2 35 9 7 1 17
9 26 0 26 33 5 38 16 7 0 23 26 7 2 35 9 6 1 16

10 23 23 31 1 32 16 6 22 25 6 0 31 8 5 1 14
11 23 23 30 0 30 19 0 19 26 2 28 13 0 0 13
12 20 20 25 25 17 17 23 2 25 10 10
13 17 17 24 24 16 16 20 1 20 8 8
14 13 13 20 20 15 15 17 0 17 8 8
15 8 8 15 15 13 13 16 16 8 8
16 7 7 12 12 10 10 14 14 6 6
17 4 4 12 12 9 9 14 14 4 4
18 2 2 8 8 7 7 11 11 4 4
19 2 2 4 4 7 7 10 10 3 3
20 2 2 4 4 7 7 8 8 3 3
21 0 0 4 4 7 7 7 7 3 3
22 1 1 6 6 5 5 3 3
23 1 1 6 6 4 4 2 2
24 1 1 5 5 4 4 2 2
25 1 1 5 5 3 3 2 2
26 - 1 1 4 4 1 ■ -.- 1 2 2
27 1 1 1 l" 0 0 2 2
28 1 1 1 1 2 2

Boxes were maintained in temperature control boxes at average day and night soil sur
face temperatures from December 10, 1966 to March 17, 1967 and maintained at average 
day and night air temperatures from March 18, 1967 to June 22, 1967•

a. a = adults
b. p = papae
c. 1 = larvae
d. T = Total vivo
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Figure 9. Boll weevil survival In box containing 0.044 
grams of moisture per gram of paper.

Y = reciprocal of any X 
s^ = sample variance 

O.D. = coefficient of determination 
x = weeks
y = square root of total weevil forms alive
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Figure 10. Boll ire evil survival In Box containing 0.073 
grams of moisture per gram of paper.

Y = reciprocal of any X
ps = sample variance 

O.D. = coefficient of determination 
x = weeks
y = square root of total ire evil forms alive
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X = 4.21-.253 (X-14) 
2 = .71

Weeks

Figure 11. Boll vreevil survival in box containing 0.126 
grams of moisture per gram of paper.

Y = reciprocal of any X 
s2 = sample variance 

O.D. = coefficient of determination 
x = weeks
y = square root of total weevil forms alive



Y = 5.01-.329 (X-13) • 
e2 = ,48

Weeks

Figure 12. Boll weevil survival in box containing 0.292 
grams of moisture per gram of paper.

Y = reciprocal of any X 
s2 = sample variance 

O.D. = coefficient of-determination 
x = weeks
y = square root of total weevil forms alive
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Y = 3.77-.292 (X-14)
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15
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Figure 13. Boll weevil survival in box containing 0.641 
grams of moisture per gram of paper.

Y = reciprocal of any X 
s2 = sample variance 

C.D. = coefficient of determination 
x = weeks
y = square root of total weevil forms alive



to 0.044 grams of moisture per gram of trash, but that 
wide range of moisture levels above 0.044 grams of 
moisture per gram of trash seems to serve equally uell 
In prolonging the longevity of boll weevils In trash.



SUMMARY

Boll burial had a definite effect on boll-weevil 
survival. Bolls on the surface or incorporated into the 
surface had a high rate of weevil emergence. Bolls buried 
at 7#5 cm. had a higher mean emergence than those buried 
at deeper depths; however, this mean was not significantly 
less than the mean emergence of bolls burled at 15 or 
22*5 cm. It is possible that a similar experiment would 
reveal a significant reduction in boll weevil emergence 
at 15 cm. as compared to 7.5 cm. Different types of soil 
or different environmental conditions such as rainfall 
and temperature might effect emergence at these various 
depths of boll burial.

Weevils released into leafy trash failed to 
survive— -possibly from mechanical injury in releasing 
the weevils, from dry winter conditions or predation by 
other arthropods. Spiders were present during November 
and December and killed thirteen adult weevils on emerg
ence. It is possible that they were responsible for the 
death of many weevils in the leaf litter. The majority 
of weevils in Arizona hibernate inside cells in bolls 
where they are protected to a certain extent from predators



47
and harsh winter conditions* If the present practice of 
shredding cotton stalks and plowing under the residue is 
continued, It is not likely that the boll weevil will be 
a major cotton pest in Arizona.

Weevils in thurberia bolls survive better than 
weevils in cotton bolls in the field or in the insectary. 
This would support the view of A. grandls thurberiae Pierce 
as a separated subspecies; however, the diet difference 
or the tight cell in the thurberia bolls may affect the 
ability of the weevil to survive. The habit of the weevil 
in thurberia remaining inside the boll is of utmost im
portance to its survival in Arizona. Weevils in thurberia 
are similar to ire evils in cotton in that they both over
winter in cells inside the boll. They differ, however, in 
that weevils in thurberia usually have two generations with 
the second generation remaining in the boll (Fye: 1967)* 
Weevils in cotton usually have several generations.

The weevils in Arizona seem .to be well adapted to 
dry conditions. Very dry conditions cause a reduction in 
the overwintering weevil population by reducing the 
longevity of weevils as well as reducing the number emerg
ing from infested bolls.

The weevils that emerge from the bolls after 
Sphaeralcea Initiates growth may feed on the buds of this 
weed found growing adjacent to most Arizona cotton fields.
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The weevils probably increase their food reserve and water 
content by feeding on this plant, hence having a better 
chance of survival. The boll weevil is not known to re
produce on Sphaeralcea.

In the spring, an increase in soil moisture 
hastens the emergence of the boll weevil. If water can 
be. added at the proper time to cause the weevils to 
emerge before cotton initiates growth in the field, it is 
possible that a large number of the weevils would die be
fore they feed or oviposit.
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